ABSTRACT
INTRODUCTION
Nutrition deficiency is regarded as one of the widespread risk factors, contributing to different eye diseases. Most nutrition specialists regarded micronutrients deficiencies as serious problem in the area. The fact that half of the world's population had to cope with deficiencies of vitamin A, zinc, and iron was widely ignored. Only relatively few researchers recognized the problems and challenged established viewpoint (1) . Vitamin A is essential for the visual system. It is metabolized in the retina and greatly affects the structure and function of retinal pigment epithelial (RPE) cells. Vitamin A modulates the structure and antiangiogenic function of the RPE layer (2) . Zinc has long been recognized as an essential constituent of various tissues through its role in the activity of many enzymes such as superoxide dismutase and catalase. The highest concentration of zinc in the body is observed in the eye particularly pigments containing components (3) . Strong correlations between vitamin A status and hemoglobin levels or vitamin A and zinc for treatment of different nutritional disorder have been demonstrated by kolsteren, et al.
(4) and Munoz, et al.
who showed that supplementation for 6 months with 2 times the recommended daily allowance of iron and zinc, improved vitamin A status as assessed by plasma concentrations of retinol, retinol binding protein (RBP), and transthyretin in children with a high risk of marginal deficiency of zinc, iron, and vitamin A.
There is a little information concerning the roles of micronutrients in different metabolic pathways in the eye, therefore, the aim of this work was study the effect of deficiency or excess of each of vitamin A, zinc or iron either individually or in combination on the cornea, lens and retina of rats.
MATERIALS & METHODS

Animals:
This experiment was done on 48 weanling albino rats, five weeks age with an average weight ranged from 80-100 g, comprised both sexes, obtained from Research Institute of Ophthalmology. The rats were housed in a room controlled for temperature and given access to tap water.
Induction of Zinc Deficiency and excess:
The three diets were identical except for the amount of zinc carbonate. Zinc-free casein and by the omission of zinc from the mineral mixture, 30 mg/kg for the zincsufficient diet to serve as control and 60 mg/kg for the zinc excess diet. Zinc levels in these diets were monitored regularly by atomic absorption spectroscopy. The remaining ingredients were prepared according to the AACC, (1990) (7) .
Induction of vitamin A deficiency and excess:
The composition of the vitamin A diets were prepared, vitamin-free casein and by the omission of vitamin A from the vitamin mix. The vitamin A-sufficient diet was prepared by supplementing the basal diet with vitamin A palmitate (1.2 retinol equivalents/g diet) and vitamin A excess diet was prepared by the adding 2.4 retinol equivalents/g diet as a duple of the amount of that in vitamin A basal diet.
Induction of iron Deficiency and excess:
The composition of the iron diets were prepared, iron-free casein and by the omission of iron from the mineral mixes. The iron-sufficient diet was prepared by supplementing the basal diet with iron carbonate (180 mg/kg) and the adding 20 g/kg added carbonyl iron prepared iron rich diet.
The animals were classified into six groups each group contains eight rats as the following:
1. Group one served as control was fed on normal basal diet (6) . 2. Group two was fed on vitamin A deficient diet. 3. Group three was fed on iron deficient diet. 4. Group four was fed on zinc deficient diet. 5. Group five was fed on diet deficient in all the previous micronutrients (vitamin A, Fe, Zn). 6. Group six was fed on a diet containing excess micronutrients, all previous diets were prepared according to AACC, (1990)
. The animals were fed on the diet for 8 weeks. At the end of the experiment, rats were fasted over night. Blood sample was withdrawn from the eye and the eyeball was isolated then the cornea, lens and retina were separated and stored at -70 O C till analysis. Biochemical analysis: 1. Vitamin A was analyzed in serum by using High Performa's liquid Chromatography 2. Iron and zinc were analyzed in pooled sample in each of cornea, lens and retina by the atomic absorption spectrophotometery (Perkin El mer 3300 Germany). 3. Lenses were homogenized in distilled water (336 mg lens/ml) and centrifuged, the supernatant was separated and total soluble lens protein was estimated according to Lowery (8) . Lens proteins were fractionated by using cellogel electrophoresis technique according to the method described by Kohn (9) . An automatic scanner (Type Helena 24, Germany) was used for evaluation of the different fractions of the lens soluble protein.
Opthalmological examinations:
Biomicroscopy and indirect ophthalmoscopy were used in this study to examine the eye.
Histological methods:
Eyes were enucleated from two rats of each group and were immediately fixed in 4% glutaraldehyde buffered at pH 7.3. Retina and cornea, were removed and further fixed in phosphate buffer 1.3% osmiun tetraoxide (pH 7.3) for 1 hour. The samples were then processed and embedded in araldite CY 212 according to the procedure of Glauret (10) . Semi -thin sections were cut with an LKB ultratome and stained with toluidine blue and examined with light microscope.
Statistical analysis:
Experimental data were statistically analyzed by using SPSS. V (10). The results were analyzed using the student-t-test, the probability P < 0 .05 was considered significant.
RESULTS
Biochemical results
The level of vitamin A was lowered in all groups compared with control values, except that group which received excess of all micronutrients (table 1) .
The level of zinc in cornea, retina and lens were significantly decreased in the groups fed on vitamin A, and zinc deficiency and in the group with all micronutrient deficient, compared to controls. The higher deficiency was reported in the group fed on the diet that was deficient in all micronutrients. The group with iron deficiency showed a significant decreased in the retina only. The group fed on the diet containing excess of all micronutrients showed a significantly increased level of zinc in the cornea; lens and retina (table 2) .
The level of iron in cornea, retina and lens is shown in table (3). As shown in this table, the level of iron in different tissues was decreased in the group fed on all micronutrient deficiency. These levels were 074 ± 0.013, P<0.001, 0.145 ± 0.006, P<0.01, and 0.090 ± 0.008 mg/g, p< 0.014 tissue concerning to cornea, retina and lens respectively, while in normal, the values were 0.135 ± 0.008, 0.127 ± 0.002, and 0.127 ± 0.010 mg/g tissues respectively. The level of iron in the two groups fed on iron and zinc deficiency was lower than control group in all eye tissues. The most marked decrease was shown in the group fed on deficient of all micronutrients while the values were increased in the group fed on excess of all micronutrients.
The level of total proteins in the lens of different groups was shown in fig (1) . As shown in this figure the level of total protein was decreased in all groups except the group, which fed on the diet, contain excess of all micronutrients.
As shown in figs. (1A-1F) fractionation of rat lens protein by cellogel paper revealed the existence of eleven fractions belonging to the main 3 types of lens crystallins namely α, β and γ, according to molecular weight range and electrophoretic mobility, 12 fractions 1-4 were identified as representing γ-crystallin, fractions 5 -10 representing β-crystallin and fraction 11 representing α -crystallin.
As shown in Fig (1) and table (4), the protein content of control lens was 195 mg/g-wet wt.
The sum of fractions representing γ -crystallin was 97.5 mg/g wet wt (50 %), and that of β crystallin was 68.25 mg /g wet wt (35.1 %) and the α-fraction was 29.05 mg /g wet wt (14.9 %). As shown in the same table, there was a decrease in α, β and γ fractions in animals fed on a diet-deficient in vitamin A, iron, and zinc and in all micronutrients than the control group.
The most marked deficiency in the soluble lens protein was found in the group fed on a diet deficient in zinc, which was 21.3 mg/g-wet wt.
The group of animals fed on excessive vitamin A, iron and zinc showed a higher value of lens soluble protein that which was 185 mg/g-wet wt. 
Ophthalmological examination:
The results of ophthalmological examination showed that secterical cataract (cortical cataract) was found in the groups fed on deficient or excess of all micronutrients.
Histological results
Group 1: (control diet)
No significant microscopic alterations were seen in the retina and cornea of rats on normal diet, Toluidine blue X 500. (Fig. 2A, 2B ). . Zinc influences cell metabolism through a variety of mechanisms. It appears to play an integral role in maintaining normal ocular functions.
DISCUSSION
The results of the current study showed that the level of vitamin A in serum ( Fig.1) (4) . The author suggested that, the addition of vitamin A and zinc to the treatment of anemia can increase hemoglobin levels more than with iron alone.
Biochemical assay of zinc, vitamin A and iron was confirmed by histological results in cornea and retina. The present study suggested that the change in these tissues may be due to the importance role of zinc, vitamin A and iron as antioxidant to maintain healthy ocular tissue against peroxide damage which induced as a result of deficiency in these micronutrients. The presence of peroxidative damage in ocular tissues has been demonstrated in the retina and cornea (21) . The results of the present study confirms these findings and suggested that, the low level of micronutrients causes ocular tissue damaging may be due to decrease in zinc and iron which are considered to be important for improve the level of antioxidant enzymes such as superoxide dismutase and catalase. These enzymes depend on zinc and iron in their metabolism. The alteration of the redox potential is thought to be closely associated with the changes in corneal and retinal cells of rats deficient in these micronutrients.
Treatment with vitamin A and zinc showed protective effect from cataract (22) controversially, Wczynski, et al.
(23) found an increased content of zinc and iron in human cataractous lens (24) . The current study showed increased levels of zinc, iron and also vitamin A in cornea, lens and retina in the group fed on a diet with excess in all micronutrients.
On the other hand the results of this study showed a deficiency in the level of total protein in all groups especially the group of rats fed on zinc deficient diet, where the level of total protein was markedly decreased to 21.3 mg/g-wet wt in the lens and 20.7 mg/g-wet wt in retina. Munoz reported that the decrease in the total protein level in the presence of zinc deficiency might be due to impairment in protein synthesis. This impairment affects retinol (vitamin A) transport from the liver to the circulation.
In addition, zinc deficiency decreased the level of serum albumin, prealbumin, transferrin and retinol binding protein.
Richard
and Blemings (25) and Kolsteren (4) stated that impairment in proteins and retinol binding protein interferes with synthesis of glycoprotein, transferrin, and total iron-binding capacity which in turn leads to impairment in iron transport and protein synthesis. In the current study the analysis of soluble lens proteins and its fractionation on cellogel ( Fig. 1) and (table 4) showed quantitative changes in lens crystallins of rats fed on diet deficient in zinc, iron, vitamin A and also in rats fed on a diet deficient in all the micronutrients. The pattern obtained showed a decrease in the concentration of γ-, β-and α-crystallins in all the previous groups mentioned above. This is may be due to decrease in total proteins. The change in the pattern in the groups fed on either excess or deficient of all micronutrients may be due to the aggregation of low molecular weight crystallins and render them insoluble which leads to lens opacity and cataract (26) . The results of ophthalmological examination showed that secterical cataract (cortical cataract) was found in the groups fed a diet contain deficient or excess of all micronutrients. These data suggested that, there is a possible influence of zinc and iron content on the development of cataract via precipitation of these minerals in the lens causing aggregation of lens crystallin and hence induced cataract.
On the other hand, toxicities related to excess of zinc, iron and vitamin A have been reported previously in human and animal eyes (26,27) . The current study suggested that the excess of the micronutrients (zinc, iron and vitamin A) might play a role in the mechanism of the developmental cataract.
Histological study showed a change in the cornea of rat fed on vitamin A deficient diet in the form of irregular arrangement of epithelial cells, deeply stained keratocytes and vacuolated endothelium. This was in agreement with Van Horn (28) , who stated that keratinized epithelial cells were present on the surface of the cornea.
The retina of the same group showed changes in the pigment epithelium layer and photoreceptor layer. Edema was found in the inner plexiform layer and the nerve fiber layer appeared vacuolated which is in agreement with Gordon and John (29) who found that there is photoreceptor degeneration, due to vitamin A deprivation.
The cornea of rats fed on iron deficient diet showed lacking of columnar basal cell and keratinization with evaculation of endothelium, while the retina of the same group showing disorganization of photoreceptor, and edema in the inner plexiform layer.
The results of the present study reported that deficiency of iron caused damage to the photoreceptor cells of the rat retina as finding by Williams and Lett (30) . In case of rats fed on zinc deficient diet, the histological studies of the cornea showed irregular stromal collagen and presence of blood vessels with ruptured posterior broders of endothelium. Leure found neovascularization of the anterior stroma of the rat cornea with prolonged zinc deficiency. The retina of rat fed on zinc deficient diet showed a fragmentation of photoreceptor outer segment and pyknosis of nuclei of outer nuclear layer. This result was in agreement with Newsome, et al .(32) who stated that histological abnormalities in the retina was seen in animals fed on a diet deficient in zinc.
The cornea of rats fed on a diet deficient in all micronutrients; the histological studies showed a severe thinning of epithelium layer and edema of the stroma. While, the retina of the same group showed fragmentation of photoreceptor, outer segments and densify of outer nuclear layer. Biochemical studies confirmed this result, which showed severe deficiency in iron and zinc in both cornea and retina, due to the interaction between vitamin A, zinc and iron deficiency (5, 19, 20) . The histological studies of the cornea of rats fed on a diet containing excess of all micronutrients showed a loss of epithelium architecture and irregularity of stromal lamellae. Also, the retina of the same group showed fragmentation of photoreceptor outer segments and pyknosis of nuclei of outer nuclear layer. 
